UNCLASSIFIED 


NOTICE:  When  govenanent  or  other  dravliigB,  speci¬ 
fications  or  other  data  cure  used  for  any  purpose 
other  than  In  connection  with  a  definitely  related 
government  procurement  operation,  the  U.  S. 

Govextunent  thereby  Incurs  no  responsibility,  nor  any 
obligation  \diatsoever;  and  the  fact  that  the  Govern¬ 
ment  nay  have  formlated,  furnished,  or  in  any  vay 
aupplled  the  said  dravlngs,  specifications,  or  other 
data  Is  not  to  be  regarded  by  Isqpllcatlon  or  other¬ 
wise  as  In  any  meumer  licensing  the  holder  or  emy 
other  person  or  cozporation,  or  conveying  any  rl^ts 
or  peznlsslon  to  manufacture,  use  or  sell  axxy 
patented  Invention  that  may  in  any  vay  be  related 
thereto. 
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Hydranlie  Fluids,  Fire  resisiaat  synthetic  phosphate  ester; 
Bast  Inhibition  of;  Radioisotope  Tracer  Study  of: 


(e)  NAVSHIPYDNXK  Ub.  Project  5319-42  Progress  Report  2  of  JISIA 

7  Feb  1962 


(d)  U1L-P-16232B  Phosphate  Coatings,  Heavy,  Manganese  or  Xinc  Base 
(For  Ferrous  Metals)  dated  9  Jul  1958 


Enel:  (l)  Effect  of  Teoperature  on  Adsorption  of  Cellulube  to  Steel 
Surfaces (23* ,  70«,  130*C) 

(2)  Solvent  Desorption  of  Cellulube  froa  Steel  Surfaoes 
(23*,  700,  130*C) 

(3)  Jtost  Protection  in  Cellulnbe/Sea  Water  Systen  by  Cellulube 
Containing  Borate  Ester.  Plezol  and  Sulfonate  (15  day  Exposure) 

Photo  L-19259-1  (No  pretreataent) 

(4)  Rust  Protection  in  Cellulube/Sea  Water  Systen  by  Cellulube 
Containing  Borate  Ester,  Plexol  and  Sulfonate  -  11  Day  Exposure. 

2  hr.  pretroatiMnt  of  Steel  -  Photo  L-19259-2 

(s)  Effect  of  Plexol  305  on  Oenulsification  of  Cellulube/Sea  Water; 

0.5  and  24  hr.  Settling  Periods  -  Photo  L-19259-3 
I 

1.  The  Uaterial  Uboratory  is  continuing  its  investigation  of  the  aechanisa 
i  of  corrosion  inhibition  of  the  subject  hydraulic  fluids  and  the  devslopaent 

*  of  specific  chenical  coopounds  to  inpart  iaproved  rust  inhibition  and  hydro¬ 

lytic  stability  characteristics,  as  authorised  by  reference  (a).  Prelinin- 
ary  infonwtion  regarding  progress  and  scope  of  the  investigation  was  discussed 
on  the  occasion  of  reference  (b). 


2.  As  indicated  in  reference  (c),  the  Laboratory  experiswnts  involve  the 
following  phases: 


a.  Surface  chomical  study  of  adsorption  of  the  Collnlnbo  220  alkyl- 
aryl  phosphate  ester  on  steel  surfaces  using  radioaetively  labeled 
(P-32)  fluid.  .Infomation  desired  includes  the  nature,  extant  and 
orientation  of  the  adsorbed  fils  under  various  conditions. 

b.  Synthesis  of  chenicals  and/or  fomulations  containing  special 
functional  groups  for  single  and  double  phase  (flnid/sea  water) 
rust  inhibition. 
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3.  To  broAdtn  tb*  atilitjr  of  iho  Loborotory'o  rosulto  ii  antklMforlc,  tho 
iBTOotigotioB  io  oiaod  at  proriding  ■otorialo  and  ,inf ont^atloB  vhieli  uy 
aloo  bo  offoetiTO  in  now  fonmlations  of  firo  rosiotan'tl^|Arlrolzalie  flnido 
to  bo  nado  arailablo  to  tho  Bnroan  Iqr  wariona  eontractciixMi  Sfiut  cataa- 
trophie  of  facta  aro  oneountorod  nndor  ahipboard  oporatiiMuaii  wbMn  ^lia  flnida 
ara  groaaly  eontaainatod  (floodod)  by  aoa  water,  tho  Lal«n«ntoBry  tl  ao  haa 
nndor  eonaidoration  eonponnda  eapablo  of  oanlaifying  tlm  m  aantir-  to 
raaowo  tho  eontanination  fron  tho  hydranlie  ayatoa,  baifUalileb  vool  d  at  tho 
aaao  tino  pomit  rapid  doanlaifioation  when  tho  fluid  iiii  diiclairiad  ia^o 
tho  atorago  tanka. 

4.  For  evaluating  tho  offoetivonoaa  of  tho  aynthoaiaodluUimttMoticona,  ^wo 
mat  toota  woro  uaod.  Ono  ia  tho  48  hour  eonvontional  ISQSHI  D— 665  -whieli 
ia  dynaaio  in  naturo.  A  aodifiod  atatie  toat  which  wosll  UrofKiet  aoro 
aoToro  conditiona  oneountorod  in  ahipboard  oporationa  cnnnulitMi  of  tho  fol¬ 
lowing  aoqnontlal  atopa:  aoaking  a  poliohod  otool  rod  ii  otko  fluid  for 
two  houra;  roaoval  of  tho  rod;  addition  of  aoa  water  (fl^  ISlly  ^oIdmo); 
oanlaifying  tho  aoa  wator/ootor  aixtnro;  and  roinaortiii  8  tho  MatooL  rod 
without  further  aixing.  In  varioua  porioda  of  tiao,  tbR  phoaai  i» parade 
and  tho  upper  portion  of  tho  stool  rod  is  exposed  to  tha  no  wantox*  phase  - 
tho  aoat  aggravated  or  aovoro  condition  encountered. 

BESULTS 

5.  Adsorption  Studios  -  Tho  results  of  tho  ohoaieal  aoipdO^tDO  of  t-ho 
radioaetivo  eollulubo  on  stool  surf  aces  at  130*C  aro  gnpUottoaMly  lllno— 
trated  ia  onelosuro  (l).  Choaiaorption  data  at  23*C  ailT  tO’C »  prorvionsly 
roportod  in  roforonco  (c),  aro  included  for  eoapariaon  puinirpoa^i.  Thtas 
roaults  indicate  a  rapid  irrovoraiblo  reaction  of  tho  (tlllllilulftt  wl. th  tlio 
stool  surface,  with  a  strong  toaporature  effect.  Tho  (iteHnt  mot  plaoophaoting 
by  Collulubo,  howavor,  is  less  than  10^  of  that  obtainoltf  hp  tHii  imoriaaiie 
salt  sealing,  acid  phosphato  troataent  of  roforonco  (d)i  ChoHiietl.  idoxati- 
fication  toots  of  tho  adsorbed  film  indicate  osaontialifl '  loorflgooie  phosphato 
and  absaneo  of  phosphide.  Tho  tenacity  of  the  adsorbohtll  filo.  tl••atially 
inorganic  in  nature,  ia  indicated  tho  solvent  oxtradlpl  in  dsati  of  ths 
choaisorbod  fila  graphically  illnstratod  in  onelosuro  |l).(  ]< 

6.  Bnat  Inhibitors  -  As  outlined  in  roforonco  (b),  boiitoi-b  is'siir  eoapoemda 
aro  being  iavoatigatod  as  double  phase  (sea  watar/hydrulfli^lic  fZluid^  inhibi¬ 
tors.  The  additive  should  bo  eapablo  of  being  leached  ittV’ii  tf  tho  flnidl 
whoa  tho  latter  ia  eontaainatod  by  water.  Tho  loaehod  neud/or  kydK’olynsd 
prodnet  should  provide  mat  protection  in  tho  aqueous  jIioimn. 

In  order  to  aisnltanoonsly  iiq>rovo  the  solubility  il  t  th  Mddl'teiTt  in 
tho  fluid,  and  tho  doaulsification  properties  of  tho  flileUU/va— tn  saixtare, 
tho  non-ionic  surfaetant-aynorgist  Ploxol-305  (Rotas  anilpBlui)  no  utilised. 
Tho  sodiuB  oalt  of  tho  hoxylono  glycol  aouoborato  osto)(f|  (ll<S.  Bormx  Co») 
was  dissolved  in  Ploxol  303,  and  Collulubo  220  added  tipitq  pnrisdi  IjS  herste 
aster  with  2  and  10j(  Ploxol  306*  Foiaulations  containii|  |0|thisa  lixtnre 
provided  highly  iapm^od  rust  protootion  coaparod  to  th  h  •  qpr^oTil  sulfenate 
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fonmltilon  r«gardl*aa  of  whiotbor  tho  •tool  rod  «•■  or  waa  not  protrootod 
with  tho  fluid  prior  to  ooa  wator  ospoauro.  Baeloouro  (3)  ohowo  tho 
foTorablo  oetion  of  tho  boroto  ootor/Plozol-305  fonnilation  aftor  15  dayo 
of  contact  with  fluid/aoa  wator  without  protroataont  of  stool  rods.  For- 
■nlation  B  containing  borato,  ploxol  and  sulfonato  appears  nost  offoctiro. 
Bncloauro  (4)  shows  tho  offoet  on  protroatod  rods  aftor  11  days  of  ozposuro 
to  tho  fluid/soa  wator  nizturo.  Tho  rust  inhibition  of  tho  borato  ostor  * 
is  probably  duo  to  tho  loaching  of  tho  additiwo  by  tho  aqueous  phase 
followed  by  controlled  rate  hydrolysis  to  produce  the  nildly  alkaline 
•odiun  nonoborato  (pH  7.4). 

7.  Donnlsification  -  Tho  addition  of  Ploxol  305  at  a  cone,  of  10^  to  tho 
conponadod  Collnlubo  greatly  acceloratoo  tho  rate  df  separation  of  tho 
fluid/soa  wator  onulsion.  On  tho  other  hand,  2J(  Ploxol  retards  tho 
doanloification  rate.  Those  facto  are  noro  cloarly  doaionstratod  in  tho 
photos  of  onclosuro  (5)  showing  tho  effects  of  tho  additiwes  aftor  1/2 
hour  and  24  hours  of  standing. 

8.  Synthoaos  of  Now  Additives  -  Synthosos  of  silicone  m nocarboxyl ic  acid 
eosq;>ounds  which  should  posooss  wator  ropollancy  and  notal  chosiisorptiTo 
properties  hawe  boon  initiated.  A  wiscous,  soni-solid  product  is  fomod 
fron  cold  wator  hydrolysis  of  beta  cyanoothylnotbyl  dichlorosilano.  Al¬ 
though  soluble  with  difficulty  in  phoaphato  ester,  tho  eoBq>ound  inparts 
good  rust  protection  in  tap  water  with  only  linitod  benefit  in  sea  water, 

o 

9.  CONCLUSIONS 

Cheni sorption  -  Cellulube  fluid  foms  on  stool  surfaces  a  strongly 
adsorbed  phosphate  f iln  which  io  insufficient  for  rust  protection  by  itself. 

Bust  Inhibitors 


a.  Borato  ostora  prowido  inprorod  rust  protection  to  stool  surfaces 
in  both  single  and  double  phase  inneroions  containing  sea  water. 
Addition  of  synergist  iaproTOS  tho  solubility  of  tho  borato  eater 
and  accoloratos  tho  separation  of  tho  fluid/water  evulsion.  Tho 
effect  of  tho  slightly  alkaline  nodiun  on  hydrolytic  stability 
arast  bo  studied  prior  to  rocoMMadation  of  such  inhibitor  foivula- 
tious. 

b.  In  spite  of  their  acidic  nature  (pH5),  silicone  carboxylic  acid 
cosqiounds  possess  rust  inhibitire  properties.  Further  eheaical 
nodification  of  tho  oonpound,  such  as  phosphorylation  of  the 
silicon,  is  indicated  to  iaqproTO  its  solubility  to  attain  inprowod 
•oa  water  protectiwe  capabilities. 

10.  FDTOBB  NOBK 

a.  Adsorutien  -  Electron  nieroscopy  studies  hsTO  boon  started  to 
prowido  infomation  oa  tho  phosphate  chevi  sorbed  oonpound  using 


3 


975: Jk 

Ub.  Project  5319-42 


oloetroB  diffraetioa  toehaiquoo.  Hoar  inf rarod  spoetroseopie  toeh- 
BiqBOS  bar*  boan  dorolopad  to  dotonino  tho  aaouat  of  oroaola 
foraod  by  ohoaieal  roaotioa  with  atool  aad  hydroljrsia  of  tho  phoa- 
phato  aatar. 

b.  Baat  lahibitora 

(1)  Loaf or  ehala  glycol  borato  oatora  ara  baiag  ayathaaiaod  to 
iaprowa  tha  aolubllity  of  thia  elaaa  of  additiToa.  la  thia 
raapaot,  tha  U.  S.  Borax  Coapaay  ia  oooporatiag  by  aopplyiag 
oxporiaoBtal  eoapooiida. 

(2)  Phosphato  oatorifieatioa  of  tho  ailieoa  carboxylic  acid  ia 
baing  coBdttctod  with  a  riov  to  iaproring  aolability  aad  aoa 
water  mat  iahibitiwa  proportioa* 

(3)  A  Floorodicarboxylio  acid  haa  boea  ayathaaiaod  at  the  Labora¬ 
tory.  ParificatioB  of  tho  coaponad  ia  proaoatly  baiag  por- 
fomod  to  bo  followed  by  oTalnatioa  of  ita  ,roat  protoctiTO 
proportioa. 

11.  Ia  order  to  aaiataia  the  aeopo  of  the  iowoatigatioo  ia  eooaoaaoeo  with 
roducod  Bureau  fuading  for  fiaeal  year  1953,  it  will  bo  aecoaaary  to  briag 
tha  phaaoa  of  oloctroa  aicroacopy  aad  additiro  ayathoaea  to  aa  appropriate 
atago  of  coaplotioa  duriag  the  firat  quarter  of  Pf  1963.  Tho  reaaioiag 
effort  will  bo  directed  aololy  to  the  aorfaco  cheaiatry  aad  ayatheaea  of 
oae  or  two  coapouada  (of  10b.  above)  which  have  doaoaatrated  greateat  potea- 
tial  aa  effective  roat  iahibitora. 

• 
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Enclosure I.  EFFECT  OF  TEMPERATURE  ON 
ADSORPTION  OF  CELLULUBE 
TO  STEEL  SURFACES 


MATERIAt  LABORATORY  LAB.  PROJECT  S3I9-U2 

llutt  Protection  In  Cellnlube/Sea  Wi&tor  Syston  . 

A  -  Borato  Eater  B  -  Borate  Eater#  Plexol  305  0  -  'niro** 

and  and 

Plexol  505  Sulfonate 

15  Biy  Expoaore  No  pratraatawnt  Eneloaure  (3) 

PHOTO  L-19259-1 


MATERIAL  LABORATORY  LAB.PROJIECT  5319-li2 

Rut  Protection  In  Ollnlube/Soe  Vtetor  Sjntem 
A  -  Borato  Eoter  B  -  Bomte  Eitert  Ploxol  30$  C  *  Sulfontto 
And  and 

Floxol  30$  Solfonata 

11  Dajr  Beposnro  2  hr,  protroataant  Enelosure  (U) 

PHOTO  L-192$9->2 


MATERIAL  LABORATORY  LAB.  PROJECT  5319-^2 

Ra«t  Protvotlon  in  Cellulube/Sea  Water  System 
A  -  Borate  Ester  B  -  Borate  Ester*  Flexol  305  C  - 
and  and 

Flexol  305  Sulfonate 

15  Day  E]q>osura  No  pretreatment  Enclosure  (3) 

PHOTO  L-19259-1 


MATERIAL  LABORATORY  LAB.  PROJECT  5319-142 

Rut  Protection  in  Oollvlube/Soe  Vtoter  System 
A  -  Borate  Eater  B  -  Borate  Eater*  Plexol  305  C  -  Sulfonate 
and  and 

Plexol  305  Sulfonate 

11  Day  Exposure  2  hr*  pretreataent  Eneloaure  (U) 

PHOTO  I.-19259-2 


MATERIAL  LABORATORY 


LAB.  PROJECT  5319-L2 


Efftot  of  F1oxo1«305  on  DwnalslfleAtion  of  CoUalvbo/SM  Wttor 
A-2  -  B.E.,  Z%  Ploxol  B-2  -  B.E.,  2%  Plncol  C  -  SalfomiU 

and  Solfonata 

A-10  .  B.E.*  lOJf  Ploxol  B-10  -  BtE.f  lOjC  Floxol 

and  Sulfonata  Eneloraro  (5) 


i.ni  .  0.S  hr.  Srttlli,  .  a, 


